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SUMMARY

Recent experiments show that corn plant vegetative characteristics
(plant height, leaf area, node count, etc.) are useful in making early
season forecasts of ultimate production of grain per plant.

Several such early season indicators proved as effective in forecasting
final grain weight as kernel counts and ear measurements--which can only be
made much later in the crop year. The field experiments were made in
Howard County, Maryland, during the 31969 crop vear; the soil and leaf samples
were analyzed in the Soils laboratory of the University of Maryland.

While the use of vegetative characteristics is considered useful and
promising as early season indicators, they cannot yet be used reliably in
forecasting models because of the limited time span covered by such

investigations.,
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USING CORN PLANT VEGETATIVE CHARACTERISTICS TO
FORECAST PRODUCTION OF GRAIN PER PLANT

by
Frederic A. Vogel

INTRCDUCTION

A major problem in the development of corn yield forecasting models has
been predicting the weight of grain per ear at maturity for immature plants.
Currently, predictions on August 1 are made only for sample fields with ear
sets that are in the blister stage of development. In general, more than
90 percent of the corn fields in the Corn Belt States have not reached this
stage of maturity by the last week of July when survey data for the August 1

crop report are collected. Therefore, the predicted ear weight is based upon
historic averages.

This study describes results obtained for ten sample plots located in
five fields for the 1969 crop year. Its purpose was to examine vegetative
characteristics that might be used as early season indicators of final grain
weight in larger research studies in the future. The main interest was in
fields with plants not having ear shoots or ears developed to the blister
stage. Some consideration was given to development of improved techniques
for estimating ear weight using kernel counts for later stages of development.
Studies at Iowa State University (1951-61) showed that these counts could be
obtained about mid-August and were useful in forecasting ear weight.

A kernel-counting procedure was implemented in the laboratory analysis to
gain experience in dealing with some of the problems that would be encountered.
The counts for current work were obtained from ears from mature plants, there-
fore, not all the relationships considered in the Iowa study could be
compared in this study.

FIELD PROCEDURES

Five fields were selected in Howard County, Md. They were selected to
represent a range of planting dates and growing conditions. To further
increase the amount of variability in the sample, observations were taken on
plants in one of the '"best'" and in one of the 'worst' rows in each field.

Observations were obtained weekly on the S5th, 15th, 25th, 35th, and 45th
plant in each selected row. The first measurements were taken in the period
July 23/24. The same measurements were obtained at weekly intervals through

August 12/13. The instructions followed for the field procedures are in the
appendix.



The following are measurements, counts, and observations made in sample
fields.

A. Information collected only orn first visit:
1. Soil sample adjacent to each sample plant

2. Leaf sample from plants adjacent to the sample plants taken
to test for nutrients present

3. Variety and planting dates
4. Type, amount, and timing of fertilizer applications
B. Weekly observations made on all sample plants:
1. Presence or absence of tassel
2. Height of plant - from ground to highest node
3. Number of nodes (excluding basal node),
4. Observations made on each node:
a. Length of leaf
b. Width of leaf at midpoint
c. Maturity category of ear emerging from node (if any)

5. The diameter and circumference of every third internode
beginning with a random start

6. Number of leaves in the whorl.

Plants were classified by their stage of development during each weekly
visit. Portions of the classification criteria used in the regular objective
yield survey could not be applied. They would have required removing portions
of the husk - thus affecting the development of the ear. Table 1 gives the
maturity codes and their comparisons with the objective yield criteria.

At harvest time ears were removed from the sample plants. One field
had been cut for silage, leaving only 40 plants to be harvested.



Table 1.--Maturity codes, corn vegetative characteristic study, fioward County,
Md 1969
., C

i L ) . . (Ohjective vield
Code | Vegetative characteristic cr:teria J :

classification
0 (a) Tassel has not emerged. Nc ears or shoots
(b) Tassel emerged. present
1 : Tar shoct arerged - no silk showing. Fars not formed
2 Silk showing - no kernel formation. Preblister
3 Silk tumning hrown and dry. Presence
of developing kernels can be felt
through husk. Blister
4 Silk brown and dry. Plants and
*  husks are green. Fars are erect. Milk
5 : Husks turning rust colored. FEars
: leaning away from stalk. Dough
6 : Husks about dry - pulling sway
:  from ear. EFar is solid anc fimm. Dent




LABORATORY PROCEDURES

The soil and leaf tissue samples were analyzed by the Soils Laboratory
of the University of Maryland. Tests conducted on the leaf tissues
determined the proportion of phosphorus, potash, calcium, and magnesium
rresent. The soil samples were analyzed to determine the levels of pH,
magnesium, phosphate, potash, and orgianic matter.

The harvested ears were dried and weighed. Several other ohservations
were made on the harvested ears to determine their relationship with grain
weight:

A. length of cob

E. Length of longest hernel row

C. Circumference at midpoint of cob

D, Mmber of kernel rows
. Humber of kermels in two systematically selected rows
. Far weight
5. Number of weight of shelled fernels:

1. Namher and weight of who e kernels
. Number and weight of damnged kernels
3. Number and weight of immature kevaels.
Instructions followed in the lzhoratory procedures are presented in the

appendix.

OATA ANALYSES

The primary cohiective of this stidy was to he growth character-
istics of corn plants anl ¢ e*rvm;ﬁ@ their relzationship with final grain
weight. “ost of the analysis consisted of compiring t%“ correlation
coefficionts between the observed “a‘lah}vs and final grain weisht, Since
the cted fields and sample rows were @ bj~tt*veiv ub osen, €.g., "hest”

“hewe wore variabi ity t
Therefore, the nonra;

e e g 4 i T i
comparive the siuniiicosnoe




Data collected in weeks one and two fall in the general time periods
when the regular August 1 forecast survey is underway. The main emphasis
will be on these data, The information was collected for the additional
weeks to determine whether the relationships remained consistent over time
as maturity categories change.

Field Observations

The measurements of each leaf (“ength and width) were used to cbtain an
approximation of leaf area. The means and respective correlations of these
variables with final grain weight were computed. Correlations for several
combinations of leaf areas were computed, e.g., arcas for leaves one
through seven vs. grain weight. Similar computations were obtained for the
diameter and circumference measurements.

The plants were classified by maturity category each week; means and
correlations were again computed. This was to determine whether the data
behave differently within the differant stages of growth. The basic data
are presented in the tables 2-6.

Figure 1 indicates the average leaf area shows very little change from
week to week. The differences between weeks can be explained by measurement
errors. Although the plants showed considerable growth during the four-week
period as shown by the increase in height in figure 2, the stability of the
leaf area indicates that repeated measurements would not be necessary.

When the size data are separated into maturity categories, less stabil-
ity 1s present because the plants change their classification from week to
week.

The tables indicate several variables that are highly correlated with
final grain weight. The performance of these variables remains reasonably
consistent for different maturity cetegories during different weeks. For
example, the area of the leaf on noce seven generally shows the largest
correlation with final yield. This variable is also usually the ''best" when
dividing the data into maturity categories.

There are other variables that are also highly correlated with final ear
weight. One phase of the analysis was to determine the ''best" subset of
variables for predicting final weight. The first step was to determine
whether it is necessary to classify the plants by maturity category and have
a prediction equation for each.



Table 2.--Stage of dzvelopment of sample plants by date of chservation,
corn, lowsrd Countv, Md ., 14Y6%

Stage NMmber o plants

Pretossel L, L, 16 g

Tassel...oo.o.o. .. : S 4

N~

~--=- hars or ear shoocts are present - -oc e e

S11k net emerged 5 5 2
Pretassel. ... .. 14 13 5
Blister......... : 0 13

S U O 1

el i
e 3T b

Total : 40 40 40 4¢Q



Table 3.--Means of variables and their correlations with final grain weight, corn, Howard County, Md.,
week 1, July 23, 24, 1969

PALl plants © Maturity 0 ° Maturity 1 | Maturity 2 | No tassel © Tassel emerged
Variable — : : : e : : .

P Mean | r | Mean r [ Mean | T "Mean T r D Mean [ v © Mean T
Cob length 0.2 15 e ceem ceen- - 0.6 .07 ----- ---- 0.4 .12
Basal area (0). 6.4 .90 4.4 -.90 4.1 -.34 10.1 .10 5.8 .70 6.8 .13
Area of leaf (1). 33.2 .44 26.9 .40 14.0 -.48 49.5 .46 7.2 .54 37.2 .41
Area of leaf (2); 67.2 .65 56.6 .60 48.9 .27 9.6 .50 54.7 .04 75.5 .58
Area of leaf (3). 101.4 .76 85.6 .65 92.7 .61 128.0 .63 82.7 68 113.9 .69
Area of leaf (4). 123.0 .76 107.8 .71 120.4 .75 146.8 .49 103.1 73 136.3 .62
Area of leaf (5). 137.0 .78 119.6 .74 136.2 .94 163.4 .53 112.5 73 153.4 .70
Area of leaf (6). 141.7 .85 118.8 .83 147.7 .95 173.9 .52 109.4 83 163.2 .68
Area of leaf (7). 133.5 .90 105.1 .89 145.8 .99 171.7 .67 91.3 88§ 161.6 .82
Area of leaf (8). 1765 85 99.7 .79 139.8 .91 162.0 .71 86.1 75 153.5 .82
Area of leaf (9). 111.3 .78 82.1 .66 130.0 .86 148.4 .73 65.6 54 141.8 .79
Area of leaf(10). 905.1 .81 66.3 .71 117.2 .85 130.4 .79 49.0 58 125.8 .80
Area of leaf(11). 74.2 .76  49.7 .62  93.0 .72 104.2 .85  31.8 .42 102.4 .76
Area of leaf(12). 56.6 .74 31.9 .58 79.6 .75 85.6 .82 16.2 .31 83.6 .73
Area of leaf(13). 34.6 .55 18.0 .30 62.2 .76 49,6 .64 7.2 -.13 52.9 .56
Area of leaf(14). 13.8 .14 i1.1 .14 34.9 .56 i0.2 .11 6.6 -.13 18.5 .90
Area of leaf (15). 3.7 .2 3.0 .46 12.4 .28 1.7 -.80 0 0 6.2 .20
Sum 1-6 . 610.0 .79 519.9 .75 S64.2 .63 761.4 .56 ----- S b ---
Sum 7-15 . 649.3 .82 466.9 .73 814.9 .81 863.7 .78  ----- SRS ---
No. leaves whorl. 0.4 -.40 .8 -.30 0 0 0 0 1.1 -.17 0 0
Height . 55.9 .77 44,1 .69 62.0 .94 71.5 .20 39.2 .57 67.1 .57
No. nodes . 117 .6z 10.3 .57 13.8 .12 12.8 .49 9.4 .38 13.1 .15
No. leaves .
measured . 117 .74 10,3 .74 13.6 .03 13.1 .51 9.3 .59 13.4 .30
No. leaves 0-4 . 4.0 .14 4.0 .1Z 3.8 -.43 4.1 .22 4.0 .19 4.0 .19
Largest diameter. 1.0 .78 9 .71 1.1 .53 1.2 .65 .9 .66 1.2 .63

Grain weight :
(grams) ©175.4 128.9 190.7 239.8 105.2 222.3
No. observations: 40 21 5 14 16 24




Table 4.--Means of variables and their correlations with final grain weight, corn, loward County, M.,
week 2, July 30, 31, 1969

All plants f Maturity 0 f Maturity 1 f Maturity 2 " Maturity 3

Variabhle

Mean | r | Mean | r | Mean | T : Mean r | Mean | r
Cob length 2.9 N .- mmee- - m=--- --- 9.2 .66
Basal area : 5.4 .70 3.7 -.50 3.0 .40 6.3 .30 6.7 .50
Areca of leaf (1) : 34.% .39 18,2 -.12 24.1 .91 35.2 .60 48.9 .46
Area of leaf {2) . 70.4 . 54 53.1 .76 59.6 .56 72.6 .10 84.5 .49
Area of leaf (3) : 103.1 .74 £9.7 .74 108.8 .21 107.1 .58 120.0 .59
Area of leaf (4) : 125.0 .77 85.0 .79 131.3 .10 132.6 .78 142.8 .57
Area of leaf (5) : 138.2 .82 100.5 .85 139.2 .10 143.5 .91 158.7 .59
Area of leaf (6) : 142.2 .88 105.6 .87 132.2 .37 146.2 .93 167.3 .71
Area of leaf (7) : 136.5 .90 101.9 .01 121.7 A7 136.3 .94 166.4 .74
Area of leaf (8) : 127.3 .83 87.1 .88 122.2 -.24 125.5 .88 159.0 .74
Arca ul leal  {(5) . 110.0 .80 73.8 .85 120.8 -.21 105.3 .86 151.8 .74
Area of leaf (10) : 98.7 .77 60.0 .88 107 .4 -.21 89.3 .75 131.5 .76
Area of leaf (11) : 79.3 .78 40.5 .96 87.8 -.19 72.9 .72 109.2 .82
Area of leaf (12) : 57.0 .70 23.7 .91 62.8 -.22 55.0 .67 79.8 .67
Area of leaf (13) : 35.4 .57 16.8 .92 39.2 -.27 32.6 .57 49.7 .55
Area of leaf (14) : 15.3 .24 9.8 .92 27.0 -.45 12.2 .35 17.6 .15
Area of leaf (15) : 4.5 .16 2.9 .63 7.1 -.67 2.5 .31 6.6 .60
Sam 1-6 : 618.9 .77 435.9 .78 598.2 .60 643.6 .61 728.9 .56
S 7-16 . 670.6 .70 416.6 .94 696.1 -.25 635.6 .78 871.5 .74
No. leaves whorl 0.4 -.54 1.6 -.51 0 0 0 0 0 0
lleight : 64.3 .60 51.8 .71 58.6 .28 673.0 77 72.1 .19
No. nodes . 13.5 .40 11.1 .77 13.2 -.25 13.2 .18 12.8 .42
No. leaves :
measured c12.4 .61 9.7 .13 13.0 .04 12.8 .37 13.1 .46
No. leaves (-4 ! 3.9 .07 3.9 .39 3.8 .46 3.7 -.21 4.0 -.01
largest diameter 1.0 .78 7 .49 1.0 -.31 1.1 .54 1.2 .70
Grain weight . 175.4 97.7 136.9 183.1 236.3

No. ohservations ¢ 40 9 5 13 13




Table §.--Means of variables and their correlations with final grain weight, corn, Howard County, M.,
week 3, August 6, 7, 1969

A1l plants ) Maturity 3 . Maturity 4
Variable : : : : :

Mean ; r : Mean ; T ; Mean : T
Cob length : 7.5 .66 9.9 .40 10.0 .73
Basal area (0) : 1.7 .15 3.7 .27 0 0
Area of leaf (1) : 28.2 .33 28.8 .30 32.2 .55
Area of leaf (2) : 64.0 .45 71.7 .41 64.5 .52
Area of leaf (3) : 102.2 .62 108.4 .66 107.7 .68
Area of leaf (4) : 124 .4 .71 134.9 .66 133.6 .64
Area of leaf (5) : 136.1 .78 145.7 .81 149.5 .61
Area of leaf (6) : 138.1 .77 144.0 .65 161.8 .75
Area of leaf (7) : 133.4 .81 137.8 .68 162.2 .82
Area of leaf (8) : 126.5 .74 123.5 .65 160.6 .79
Area of leaf (9) : 117.8 .79 116.9 .75 149.0 .76
Area of leaf (10) : 102.2 .77 100.4 .77 137.7 .71
Area of leaf (11) : 81.7 .75 75.9 .80 116.1 .65
Area of leaf (12) : 62.8 .70 56.6 .72 94.9 .67
Area of leaf (13) : 40.0 .56 38.8 .72 58.1 .46
Area of leaf (14) : 15.5 .25 17.0 .51 18.7 .90
Area of leaf (15) : 3.0 .50 3.0 .36 2.6 .10
Sum 1-6 : 594.7 .73 637.5 .65 649.5 .78
Sum 7-16 : 682.9 .76 669.8 .79 899.9 .68
Height : 69.2 .51 72.3 .59 69.4 .47
No. nodes : 12.7 .54 12.9 .59 13.2 .80
No. leaves :
measured 12.3 .29 12.0 .33 12.8 .21
No. leaves 0-4 3.6 -.02 3.5 12 3.5 .46
Largest diameter 1.0 .64 1.0 .68 1.2 -.08
Grain weight : 175.4 182.7 236.9

No. observations : 40 18 12
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Table 6.--Means of variables and their correlations with final grain weight, corn, Howard County, Md.,
week 4, August 12, 13, 1969

All plants : Maturity 3 f Maturity 4

Variable - : - - ,

Mean : T ) Mean ) T : Mean : T
Cob length : 8.3 .58 10.1 .28 3 .15
Basal area {ON 1.6 .15 0 .00 2. .14
Area of leaf (1} 19.1 .30 19.4 .90 20. .51
Area of leaf (2 61.5 .61 64.9 .90 65. .55
Area of leaf () 99.1 .67 90.9 .42 110. .65
Area of leaf {4) 123.1 .78 127.2 .67 132, .75
Area of leaf (5} 137.7 .78 143.0 .66 148. .75
Area of leaf (6} 141.1 .86 145.5 .70 155. .84
Area of leaf (7 136.0 .88 136.5 .74 152. .87
Area of leaf (R 129.4 .79 121.7 .61 145. .86
Ared o1 ieal (9 118.6 .55 i1.0 .73 135, .86

.83
.83
.72

103.:
83,7
60,

Area of leaf
Area of leaf
Area of leaf

77 101.1 .66 116.
‘ .0 .6 95.
4.2 .68 71.

NN T

el bomd i ot e
Tl T = D
e S N e Nl e
™ O
~i
E=5
i 0~
Lo L
o
(@)
[¥a]

g g

= pd b= PN DD UT O O L L IO U NI Oy B

Ares of leafl ) 35.¢ 54 27 .6 .71 41. .60
Area of leaf {14 12.¢ Lol 11.8 .71 13, .14
Area of leat (15} : 3.3 LA 2.0 .45 2 L1
Sm 1-6 : 583.2 .78 591.0 .78 636. 72
Suam 715 : 6832 .4 78 6547 4 .74 774. .83
Height » 69,2 .50 ! 53 69. .69
No. nodes : 12.6 .30 12,8 65 13 .27
No. leaves

measured : 12.4 37 iZ.6 L6 12.5 .40
NO. deaves -4 : 5.5 30 3.6 -, 21 3.1 .39
Lareest diameter b0 75 1.0 .80 1.1 .61
urain weight : 175.4 165.1 211.0

No. ohservations 40 10 24
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The first test was on data collected in week one. The test determines
the necessity for computing a separate regression for the relationship
between final grain weight and the area of leaf seven for maturity categor-
ies 0, 1, and 2. The steps are outlined in table 7.

Step (1) tests whether the regression coefficient between X and Y is
the same in each maturity category. The F-test is not significant,
indicating that the regression coefficients for each category are the same.
The usual procedure is to contimue testing until a significant result is
obtained or until there are no more tests to perform.

Assuming a common slope for all groups, the next step (2) tests whether
the intercepts (aj) differ. The test is not significant, indicating a
common intercept. From steps (1) and (2) it is concluded that the data for
maturity categories C through 3 can pooled.

A final test is necessary to determine whether it is necessary to
compute a regression at all step (2. That is, assuming a common intercept
and slope, is the regression significant? The conclusion is that the
relationship is significant.

The test is repeated for other variables that are closely related to
final weight per plant. Then they are repeated for data collected in week
two.

The tests for week one data irdicate that a common slope and intercept
apply for all maturity categories. The data collected in week two still
show a common slope, but require different intercepts for the separate
" categories.

The above tests show the general behavior of the variables. The next
question is how the variables behave when they are combined in a multiple
regression. Although the data may be pooled when considering each
variable separately, this may not hold true in the multiple regression.
Additional analysis on this matter is necessary.

A "'stepwise'' multiple regression procedure was used to obtain the best
subset of variables for predicting final yield. The objective is to reduce
the number of measurements per plant, but still be able to predict final
yield with the required precision. The stepwise procedure chooses the
variables that combined give the best estimate. It will not necessarily
choose all variables that are highly correlated with yield. This can occur
if a high degree of intercorrelation exists between the variables.

13



Table 7.--Tests of hypothesis about regression coefficients,
grain weight vs. area leaf seven, corn, loward County, Md.,
week one, 1969

Step ; Hypothesis ; F-test ; Conclusion
) ; gyt ?i = a; + bx 0.666 Accept H,.
: I, Qi = a; *+ bix
2) : Hor Yy =a+bx 2.562 Accept 1.
: Hy: Qi = a; + bx
) : H: Y=Y 157.637%%  Reject H,.
: Hy: Y = a + bx

*% Significant at the 99=percent probability level.

14



Table 8.--Tests of hypothesis about regression coefficients,
maturity categories 0, 1, and 2 for week one. corn, loward
County, Md., 1969

Step : Hvpothesis o D-test Conclusion

———————— Grain weight vs. plant height -------------

(1) 3 Hy: Y; = a; ¢+ bx 0,919 Accept HO,
: Ha: Y] = al + blx
(2) : g Yy = a+ bx 1.213 Accept Hj.
Hy: Y3 = a4 ¢+ bx
(3) : Hot Y=Y 56.100%% Reject ;.
Hyt Y =a + bx
R R TR Crair weight vs. stalk diameter -------
(1) f Hy: Yi = a; + bx .278 Accept H.
Hy: Y3 = a3 + byx
(2) E HO: Y; = a + bx 2.914 Accept HO.
H: Y. =a. + bx
) a 1 1
(3) E HO: Y=Y 59,358%% Reject HO.
Hp: Y =a+ bx

**%  Significant at the 99-percent probability level.
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Table 9.--Tests of hypothesis about regression coefficients,
maturity categories 0, 1, 2, and 4 for week two, corn,

Howard County, Md., 1969

Step i Hypothesis : F-test : Conclusion
----------- Grain weight vs. area leaf -------=---w--
(1) ot Yj = a; + bx 0.652 Accept H.
Hy: Y: = aj + byx
(2) ot Yj = a+ bx 3.341* Reject H,.
Iy Y; = aj + bx
() : lig Y=¢ 154.640
Hy: Y = a + bx
—————————— Grain weight vs. plant height ----------
(1) Hy® fi = a; + bx 2.420 Accept 1.
Ha: Y = a3 + bix
(2) Hy: Y; = a + bx 9.663%*  Reject .
Hy: %i = a; + bx
(3) : Hy: Y=Y 26.797
Hy: Y = a + bx
* Significant at the 95-percent probability level.
** Significant at the 99-percent probability level.
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Table 9.--Tests of hypothesis about regression coefficients,
maturity categories 0, 1, 2, and 4 for week two, corn, lloward
County, Md., 1969--continued

Step Hypothesis : F-test Conclusion

---------- Grain weight vs. stalk diameter ---------

(1) Hy: Yy = a3 + bx 1,594 Accept 1.
; Hy: ?i = aj *+ byx

(2) iy Yi=asbx 3.972* Reject I,
: Hy: ?i = aj + bx

(3) 1y Y=Y 58,966
Ty Y= oa 4 bx

* Significant at the 95-percent probability level.
**%  Significant at the 99-percent probability level.

17



Table 10.--Best subset of variables from stepwise procedure,
Howard County, Md., 1969

Week 1 ; Week 2
: Cumulative . Cunulative
Variable : multiple : Variable : multiple
! correlation : . correlation
Area 7th leaf : 0.898 : Area 7th leaf : 0.896

No. leaves in : : :
whorl : 0.908 : Cob length : 0.902

Table 10 shows the variables selected by order in the stepwise
procedure. The data for all maturity categories were pooled for each week.
It seems more feasible to choose the best subset of variables over all
maturity categories so that the same data are collected from all plants
during a single time period.

Note that after the area of the leaf on the seventh node is considered,
the other variables add very little to the regression.

The average time required to obtain all of the measurements on a
sample plant was about 10 minutes (9.9). This included time required in
getting length and width measurements for as many as 15 leaves and diameter
and circumference measurements for three-five internodes. Thus, after
selecting and locating a sample plant, additional measurements add
relatively little to the total cost. Although the data indicate only two
or three variables need be measured, it would be feasible to obtain more
that may prove to be useful.

Laboratory Observations

Observations on Harvested Corn Ears

Several different measurements and observations were obtained on the
harvested ears. As expected, several of these variables show a high
correlation with grain weight. The variables also show a high degree of
intercorrelation with each other.

18



These variables were obtained from harvested ears for which it is not
necessary to estimate weight. More important are those variables that could
be obtained early in the season and used in a forecast model.

The analysis now indicates that the measurement of some vegetative
characteristics may be useful in an early season forecast. The character-
istic currently measured in the objective yield surveys is the length of ear
over the husk. Not only can the average ieaf areaz be determined earlier
in the season, but it also shows a hetter correlstion with grain weight than
does cob length measured later in the season.

More analysis is needed to determine whether the variables providing
the most information for this data Grnlv in other years and in other
producing areas. Additional analysis is also necded to determine how to
evoup the data, i.e., v maturity cetegory, etc.

The kernel row length x midnpeirt circum{erence shows the highest

i 'th the grain weight, Whether this would hold true earlier
mains to be seen. 1t seens <doubhtful that these measure-
211 the cobs are small would show similar correlations.

e estimated number of kernels per car obtained early in the sesson
remained constant up teo harvest time, it would provide a good indicator of
vield, The studies conducted at Iova State showed that it ois possible to
ob fain a gnod C‘*lhu‘i of the nurber of kernels when the cob iz in the

to get a gond estimate
f 1 LeTrne 1 FOWS,
un|a‘ is 0,9¢), This is

Considerable expericnce was wained in the lsboratory procedures in
wndling problems that could occur in arn enrly season deVCYn

fz2} [t was necessarv to define a "kernel, The kernels toward the tiy
of the cob hecome smail aad ety This -5 mainly caused by
poor conditions at pollenating time.

by Many ears showed considerable damag
diseace naking it dif{ficult to det

e causxi by insects and/or
ine a kernel.

[N T 40y vy - -
(Cr In omany Cuse

S cult to detormine what
Thernel row' hocau

?e irregular pattern of

ds
o
n
¢
4
v 3
[¢]

i'he hove di{f3 10 1113
e anpendix).
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Table 11.--Means, standard deviations, and correlations of
observed variables with grain weight, corn, Howard County,

Md., 1969
: : : Correlation
Variable ! Mean : S;ﬁ?gi?d : with

: : 1on . weight
Cob length 7.2 1.5 0.88
Kernel row length 6.3 2.3 0.91
Midpoint circumference i 5.7 1.6 0.73
No. kernel rows : 14.5 4.8 0.61
Kernels in sample row 1 1 32.8 14.0 0.89
Kernels in sample row 2 : 32,7 14.4 0.90
No. whole kernels 1 461.4 217.7 0.85
No. damaged kernels : 45.5 54.8 0.42
No. immature kernels : 32.0 36.6 -0.19
Row length x circunference : 38.9 16.4 0.93
Ave. no. kernels in sample :

3 478.0 0.88

TOWS X NO. TOWS : 514,

T > .39 is significant at the 99-percent level.
r > .30 is significant at the 95-percent level.
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Table 12.--Correlations between characteristics of an ear of corn, Howard County, Md., 1969

: Average

: : Sl : T : : : D ohepi -
: Cob :Kernel: }%dt :Number:ﬁumbei :Eu?bei :Number :Lengt? : number ESE;d :T tal
Variable :1‘ th: TOW :pQ;n _:kernel: erni 5. ke ni S. whole :X c%r _* kernels : E;b r : o'aht
HENg :lenqthzc1 CUM-. rows ;S3MPLle . SAMPLE . 1arnels: €T~ in sample:n er .welg
: ) " " ference ! ‘row 1 row 2 | © ence | TOW ‘kernels.:
Cob length -~
Kernel row length : .92 ---
Midpoint circum-
ference .64 .80 ---
NO. Kernei rows .52 71 78 --
Kernels in
sample 1 .83 .90 75 .69 ---
Kernels in
sample 2 .86 .91 A .66 .97 -
No. whole kernels : .79 .83 71 .72 .92 91 ---
Length x
circumference .88 .95 .85 .65 .88 .87 .83 ---
Ave., no. kerneis
in sample row .85 .91 .73 .68 .99 .99 .92 .88 ---
Estimated no.
kernels L83 85 .72 .77 .95 .94 .96 .84 .96 ---
Weight .88 .91 .73 .61 .86 .91 .86 .93 .91 .88 ---




Since the length of kernel row shows a higher correlation with ear
weight than does the number of kernels, the extra cost incurred in counting
or estimating kernels seems unwarranted. Furthermore, some vegetative
characteristics showed correlations equally as good as the kernel counts and
which can be obtained much earlier.

So1l and Leaf Test Analvsis

None of the variables measured in the tests conducted by the University
of Maryland showed any relationships with final grain weight. With 40
observations, the lack of correlation cannot be blamed on sample size.

Had the tests showed a significent relationship, the use of the soil
and leaf tests would still be fairly impractical in an operational survey
because of costs and time required for such measurements. It is doubtful
whether the analyses could be completed in sufficient time to use in the
forecast.

Recommendations for Further Study

The results for the two years compare favorably. They indicate that
vegetative characteristics measured early in the season for the "best"”
and "worst' rows are good indicators of final production under these
conditions. The next step would be the expansion of the study into some of
the major corn-producing states. This would provide such additional infor-
mation as cost estimates, consistency of relationships from State to State,
and variance components.

The sample fields should probably be selected from the area frame.
Furthermore, a random procedure for selecting sample rows and plants should
be employed rather than using the "best' and "worst' criteria.

MODEL DEVELOPMENT

The general procedure followed in objective vield surveys is to
determine a set of parameters based on historic data. These parameters are
then used in a forecasting model to predict future production.

tor example, consider the model Y = a + bx, where (Y) is final grain
weighe and (X) is the area of the leaf on node seven obtained during the
last week in July. The parameters (a) and (b) can be estimated {rom previous
years data after the final weight is known. Then, given the average area of
leaf seven in the following year, the final weight can be predicted using
the forecast model.

[N

~y



5
ted

epend
3

.
S

H

11s procedur

ar

i
&
=
o
Ol_

Ko

+

ge!
!
[am

Faman

a i
)
o
Qs
14
o
jo)
3]
)
1]

)
[N

ti

19

=3

from the

]
-

+
4

1
1

&

iy

b

jo
g
=

AN

i

~

GG -y

£

L ot
a8
Y .
e v
4! spd
b 2k
@
(@}
-

electe




Table 13.--Computed "F'' values for testing differences between

regression coefficients for 1968 and 1969, corn, Howard Co., Md.

Variable

Week 1

Week 4

:Test :Test :Test
‘Pow 1:Pow 2:Row 1:

Row 2:Row 1:RPow 2:Row 1:

:Test :Test :Test :Test :Test

Row 2

Cob length
Leaf area §
Leaf area 7
Leaf area 11
Leaves 1in whorl
Plant height
No. nodes

No. leaves,
basal node to
4th node

.58 24
L1017
.00 18
37 9.
:36.18 15

13.82 12.

.08 11

.49
L91
.52

29

.01

51

.79

'0.40
.28
.37
.15

.49
.18
.52

02

15.
.65
41.
22.

18

28

98




MAJOR FINDINGS

(1) Several of the vegetative characteristics observed were signif-
icantly correlated with the final yield. These relat1on<%1ps
remained consistent over the four-week ohservation reriad.

(2) Tests showed that the variables behave similarly over several
maturity categories. For example, the area of leaf seven in a
simple linear regression with final vield has @ commen intercept
for the different maturity catesorios. Thus, the data can be
pooled and fewer observations would be necessarv for a desired
precision,

(3) A Ustepwise” muitiple regression selection procedure showed
that additional variables add very little to the precisicn of
the forecasting equation after the srea of the scventh leaf i¢
included,

~
i
N

Counts of kernels and ear measurements were highly correlated
with dry ear weight. llowever, several vepetatl e characteristic:
perfommed just as well and can be obtained much earlier in the
season.

(5) Simple Iinear repression between several characteristics and {inal
vield were computed using toth 1968 and 1969 data. The repression
coefficients were tested tc determine if they represented the
same relationshin each year. Thev did ret, Should this centinue
to be the case in additional studies, the use of vozetative
characteristics may not be harr“ntenQ

inatrULl*0rq fmr Corn kaﬂiruh, u@wﬁ«d Courity, Ma,, 1963
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1T. Information Collected and Procedures Followed in the First Week

A. (ollect a soil sample two feet to the left of each sample plant.
Mark the soil sample box with field, row, and plant nmumbers.

B. Collect the top two leaves (below the whori} from the plants
opposite to the sample plants in adjacent vows. Place the leaves
in a ¢loth bag and label with field, and row mmbers.

(. Install a rain gauge. Pour in a small amount of light oil to
prevent evaporation.

—
—
.

Observations Obtained Weekly
A. Presence or absence of tassel
5. lleight of plant from ground to highest node
C. MNumber of nodes, excluding basil
. Measurements at each node:
(1) Length of leaf
(2) Width of leaf at midroint
(3) Length of cob (if any)
(4) Maturity category of cob, 1if present

(5) Diameter and circunference of every third internode with
random start.

{(6) Number of leaves in whorl
I, Rainfall received since previous visit,
IV, Harvest
A. Contact operator to determine probable harvest date.

On final visit harvest and label ears from the sample plants,



Corn Vegetative Characteristic Study - Laboratory Procedures - November, 1969

1. Remove ear, loose kernels, and pink recording form from bag. Record
field, row plants, and ear number on laboratory work sheet.

2. C(lean loose silk and husks off the ear.
3. Measure length of the cob:
i. Place base against box.

ii. Place ruler next to ear, measure to tip of cob (to nearest 1/16
inch).

4. Measure length of longest kernel row.

1. Rotate ear to find longest kernel row - then measure to last
Kernel.

ii. Define a kernel to be at least three-fourths the size of the
average kernel on the cob.

iii. Determine midpoint of longest row - marked with black magic
marker.

5. Mecasure the circumference of the ear at this midpoint.

6. Count the number of kernel rows, letting row (1) be the row previously
marked.

7. Two rows will be selected systematically, and the number of kernels
in each row will be counted. An attached sheet will give the rows
to be counted for various sizes of n (mumher of rows).

i. Count the mmber of kernels in each row. 1If there are places
where a kernel has been knccked out from handling - count the
hole as a kernel.

1i. The kernels in some rows mev not be in a straight line, and
may be difficult to count. In this case, place a ruler on the
selected row in a straight line from base to tip and count the
number of kernels it touches.

8. Weigh ear.

9. Chell using hand sheller.



Count the number of kernels.
i. There may be immature kernels; again do not count unless they
are not at least three-fourths the size of the average sized
kernel.

ii. Some kernels may show insect damage; obtain a separate count
of these.

Weigh kernels.
i. Whole kernels
i1. Damaged kernels

iii. Immature kernels

Row Selection Sheet

If the number Select these

of rows is: TOWS
8 1 5
a 4 8
10 5 10
11 1 6
12 6 12
13 4 10
14 2 9
15 1 8
16 4 12
17 8 16
18 9 18
19 3 12
20 6 16
21 9 19
22 2 13
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United States Department of Agriculture
Statistical Reporting Service
Research and Development Branch

1969 Laboratory Determinations - Maryland
Vegetative Characteristics Research Project

Field Date

Row Starting time
Plant Fnding time
Ear B

1. Far length

a. Length of cob ~-------meccmem e i -

b. Length of longest kernel rtow -------------cwmmocmnun -
2. Midpoint circumference -------------v-cosoiomoieoeooiion
3. Number of kernel Ttows -----=-------cioenaooo L
4. Number of kernels in selected TOws ---------~-------on-- a.

b.

5. Far weight -----------mmcmmmo e =
6. DNumber of kernels

a. Whole - mature kernels ------=----------ooooaomooooooo

b. Damaged kernels -------=----cc--coommo _ o

c. Immature kernels (less than three-fourths average size) L

7. Kernel weight

a. Whole - mature kernels ---+--=---cmeomm o )
b. Damaged ----------ccmmm e B
c. Immature ------------m-n-- e i
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